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Abstract 
Chaboche model can be used to predict the ratcheting phenomenon. The parameter determination of this model to 
achieve an accurate ratcheting prediction is of great importance. Therefore, the application of an optimization 
procedure can improve the prediction of this model. In this research, Chaboche kinematic hardening model with five 
decomposed rules was used and a multi objective genetic algorithm (GA) was employed to determine the model 
parameters. The results were then compared with a single objective GA optimization procedure. The ratcheting 
prediction of the model was also verified using the uniaxial and multiaxial experimental data.  
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1. Introduction 
Ratcheting is basically the strain accumulation under stress controlled cyclic loading with non-zero 
mean stress. Ratcheting has an important role on plastic analysis of structures which are subjected to 
cyclic loading. Plastic analysis of structures is usually studied using the isotropic and kinematic hardening 
theories. Chaboche kinematic hardening model is an efficient model for ratcheting prediction. This model 
was first introduced by Chaboche and his co-workers. [1,2]. 
As the ratcheting strain was over-predicted, Chaboche added an extra decomposed hardening term to 
his model and named the model NLK-T (Non-Linear Kinematic model with a threshold) [3]. This model 
also over-predicted multiaxial ratcheting data. Bari and Hassan then proposed some modifications for the 
model namely C-H4T [4]. They introduced a multiaxial parameter to this model. This parameter indicated 
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no effect on the uniaxial loading simulation and only influenced the multiaxial ratcheting prediction [5]. 
Efforts have been made to improve ratcheting prediction for both cases of uniaxial and multiaxial loading. 
Among them, using an optimization procedure for parameter determination of Chaboche kinematic 
hardening model gained more interests. Rahman and his co-workers [6] studied the sensitivity of the 
modified Chaboche model. They determined the parameters of this model using an optimization 
procedure and Genetic Algorithm. The obtained parameters were used to simulate the ratcheting response 
of straight pipes under cyclic bending and constant internal pressure. The optimization procedure 
improved ratcheting simulation in comparison with several plasticity models. 
Mahmoudi and his co-workers used an optimization procedure for parameter determination of 
Chaboche kinematic hardening rule. They used Chaboche model using three nonlinear terms and the 
parameters were determined by using uniaxial hysteresis loop data [7]. Furthermore, they employed a 
multi objective optimization procedure with two fitness functions which considered the hysteresis loop 
and the load controlled experimental results simultaneously. The uniaxial ratcheting prediction was 
improved, although the multiaxial ratcheting prediction was similar to C-H4T model.  
In this research, mind were focused to improve biaxial ratcheting simulation using Chaboche 
kinematic hardening rule with 5 nonlinear terms and a parameter determination approach based on GA. 
The results are verified by comparison of uniaxial and multiaxial experimental data from Hassan et al. 
[8,9]. 
2. Formulation of nonlinear kinematic hardening model  
The Von Mises yield criteria may be used to describe the yield surface. This criterion is expressed as 
follows:  
( ) 0f J X R kV       (1) 
1/2( ) [(3 / 2)( ) : ( )]J X X XV V Vc c c c      (2) 
where f is the yield function, X and R are kinematic and isotropic variables, respectively. k is the initial 
size of the yield surface. Considering the normality rule; 
( / ) (3 / 2) (( ) / ( ))pd d f d X R kH O V O V c c w w     (3) 
where dO  is the plastic multiplier and is derived from the hardening rule. To modify the usual linear-
kinematic rule an additional term was used. This additional term was proportional to the norm of plastic 
strain rate. The model of Armstrong is as follows: 
(2 / 3) pdX Cd XdpH J    (4) 
where C and J are material parameters. The modulus of the plastic strain rate is, 
1/2((2 / 3) : )p pdp d d dH H O    (5) 
For the case of uniaxial loading this relationships can be expressed as, 
0f X R kV       (6-1) 
(1/ ) ( )pdp d h X dH V V  r    (6-2) 
( )h C X XJ V  r    (6-3) 
p pdX Cd X dH J H    (6-4) 
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3. Parameters determination of Chaboche kinematic hardening model 
Various methods have been proposed to determine the parameters of the material model. In Chaboche 
model, the employed method also influenced the ratcheting prediction.  
3.1. Chaboche model with three decomposed rule and Chaboche model with threshold 
In the preliminary researches the parameters of the kinematic hardening rule of Chaboche were 
determined using monotonic loading data. Bari and Hassan [4] used hysteresis loop of cyclic loading to 
identify these parameters. The equations were as follows,  
3
01 i xi
X V V
 
  ¦   (7-1) 
( / )[1 2exp{ ( ( ))}],            1  2ppi i i i x LX C for i andJ J H H       (7-2) 
where pLH  is the strain limit of stable hysteresis loop. It is rewarding to mention that 1C  should be a 
very large value to match the plastic modulus at yielding. Therefore, 1J also should be large enough to 
stabilize the hardening of 1D immediately. Considering the slope of the linear part of the hysteresis curve 
at a high strain range, 3C is determined. The other two parameters, 2C and 2J , are estimated by try and 
error so that an accurate description of experimental hysteresis loop is achieved. The obtained parameters 
should also satisfy the following relationship, 
 
1 1 2 2 0 3( / ) ( / ) ( / 2){ ( )}
pp
x x LC C CJ J V V H H       (8) 
Then 3J is obtained from uniaxial ratcheting experiments. A nonzero small value of 3J could improve 
the ratcheting prediction. However, it showed no significant effect on modeling of the hysteresis loop [4]. 
This model called Chaboche model with three decomposed rule (C-H3). The obtained parameters by 
using this method, over predicted ratcheting strain. This method only considered hysteresis loop and not 
enough attention to load controlled data made for parameter determination. To improve this model, 
Chaboche added a fourth hardening rule in his model, called Chaboche model with threshold. This added 
term increased linearly to a certain threshold stress level and therefore hardened such as the Armstrong 
and Frederick rule. The parameters 1C , 3C and 1J  were obtained as mentioned earlier. 2C and 2J were 
evaluated for accurate  simulation of hysteresis loop such satisfying the following equation, 
 
1 1 2 2 4 0 3( / ) ( / ) ( / 2){ ( )}
pp
x x LC C a CJ J V V H H        (9)  
The initial trial value of 4a  could be assumed equal to mean stress in the uniaxial load-controlled 
experiments [3]. The final value of 4a  were determined which resulted in the best ratcheting prediction.  
3.2. The proposed model 
At the present work the Chaboche model were used with five nonlinear components. This model are 
expressed in Eq. (10-1) and (10-2). The variables were described earlier. 
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  ¦   (10-1) 
(2 / 3)        for i=1:5pi i i idX C d X dpH J    (10-2) 
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3.3. Parameter determination using Genetic Algorithm 
Two different approaches were employed to determine the proposed model parameters. At the first 
approach a single objective GA were employed to minimize the deviation of the results from the 
experimental data of the hysteresis loop. The used fitness function for this purpose, Eq. (11), was defined 
as follows, 
exp mod 2 exp 2
1
1 (1/ ) [( ) / ( ) ]
K el
i i ii
Rss Min K V V V
 
 ¦  (11) 
where K is the number of data points, expiV is the stress value from the experiments and
model
iV  is the 
predicted stress using the proposed model. The obtained results are illustrated in the next section. This 
approach was used to evaluate the effect of adding extra component. The results were compared using 
similar approach with three components used in [7]. This model is referred as C-H5 S.O.GA in the 
figures. 
The second approach was also employed as proposed in [7]. In this approach two fitness functions 
were used; the first one is mentioned in Eq. (11), and the second fitness function is expressed in Eq. (12): 
exp mod 2 exp 2
1
2 (1/ ) [( ) / ( ) ]
N el
i i ii
Rss Min N H H H
 
 ¦  (12) 
where N is the number of cycles, expiH is the maximum plastic strain at i
th cycle and modeliH is the 
related predicted strain of the model. The obtained parameters are plotted in Table 1 namely C-H5 M.O.-
UC. These parameters were calibrated purely based on the accurate prediction of uniaxial ratcheting [7]. 
The multiaxial ratcheting prediction of these parameters was not accurate enough; therefore another set of 
parameters were calibrated based on multiaxial ratcheting. This set was named as C-H5 M.O. GA MC. 
Only uniaxial hysteresis loop were considered for the calibration based on multiaxial data, but the bounds 
of GA were changed to enhance the quality of results. The obtained results were then verified using the 
experimental data. 
Table 1. The obtained parameters for C-H5 single and multi objective GA models 
Model C1(MPa) C2(MPa) C3(MPa) C4(MPa) C5(MPa) Ȗ 1 Ȗ 2 Ȗ 3 Ȗ 4 Ȗ 5 
C-H5 S.O. 40000 6900 7000 1090 1100 800 440 450 60 1 
C-H5 M.O. UC 47500 6000 6700 1050 1023 900 330 400 20 2 
C-H5 M.O. MC 79000 20800 11900 5050 6150 600 430 450 32 1 
4. Evaluating of proposed model using experimental results of uniaxial and biaxial ratcheting 
 
Uniaxial ratcheting prediction of the mentioned models is compared in the Figure 1. The C-H4T [4] 
and N3-L0 M.O. GA [7] models are plotted in Fig 1(a). The parameters of N3-L0 M.O. GA model were 
determined using multi objective GA. This model indicated better results and the predictions were very 
close to the experimental data. The uniaxial ratcheting prediction of C-H5 single and multi objective 
models are plotted in the Fig 1(b). As reported in [7], the single objective GA did not provide appropriate 
results as only the hysteresis loop data was considered. Adding 2 extra nonlinear terms also could not 
guarantee achieving suitable uniaxial ratcheting prediction. Considering the ratcheting data in 
determination of the parameters and using multi objective GA resulted in a better agreement in uniaxial 
ratcheting prediction. The results of C-H5 M.O. GA model is very similar to N3-L0 M.O GA model. 
However, the first one had 5 and the second one had 3 decomposed nonlinear terms. Adding extra 
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components to the Chaboche model with this parameter determination method made no significant 
change in the case of uniaxial ratcheting prediction. 
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Fig.1. Comparing uniaxial ratcheting prediction of (a) C-H4T [4] and N3-L0 M.O. GA models [7]; (b) C-H5 single and multi 
objective GA  
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Fig 2.Comparison of multiaxial ratcheting response (a) circumferential ratcheting strain of experiments and  (b) C-H5 M.O. GA 
model, (c) N3-L0 M.O. GA[7] and C-H5 M.O. GA UC models (d) C-H5 M.O. GA UC  and C-H5 M.O. GA MC models 
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Efforts were made to improve multiaxial ratcheting prediction using only uniaxial behaviour of 
material for parameter determination. Two multi objective models were compared here. The parameters 
of the first model were determined as mentioned in [7]. For parameter determination of the second model 
the bounds of GA were changed using a try and error procedure. Then multiaxial ratcheting prediction 
was verified using experimental results and the bounds were corrected better set of results. 
The circumferential plastic strain is plotted against axial strain for the experimental results provided in 
[9] and C-H5 M.O. GA model in Figures 2(a) and 2(b). The predicted material behaviour by the proposed 
model illustrated a good agreement with the experimental data. In the Figure 2(c) the multiaxial 
ratcheting prediction of N3-L0 M.O. GA [7] and C-H5 M.O. GA UC are shown. Adding the extra 
components to this model showed inverse effects and the results were similar to other models using the 
same calibration procedure. Therefore, the calibration procedure was changed as describe earlier and 
results were obtained. These results are shown in Figure 2(d). The predictions evidenced improvement of 
the predictions and better correlations with the experimental were observed. 
5. Concluding remarks 
x Including experimental data of uniaxial ratcheting strain data on parameter determination procedure 
resulted in better predictions. 
x By adding the extra components to the same model, the obtained results using GA are not improved.  
x The bound limits of GA changed using a try and error procedure and a better multiaxial ratcheting 
prediction was achieved by the same model. 
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